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A PYROTEWIC-ACTnATED CALORIMETER FOR FLIGHT RESEARCH 

AT WNAR RETURN VELOCITY 

By Don D. Davis, Jr., and Clotaire Wood 
RASA Langley Research Center 
Langley Station, Eampton, Va. 

INTRODUCTION 

The purpose of t h i s  paper is  t o  discuss the ra ther  unique application of 
a pyrotechnic device t o  solve a problem t h a t  was  encountered i n  the  design of 
t he  reentry package f o r  Project Fire. 

Project F i re  w a s  undertaken by the  Rational Aeronautics and Space 
Administration t o  investigate the  heating environment of vehicles entering the  
earth atmosphere at  veloci t ies  s l i gh t ly  greater than lunar return velocit ies.  
The primary objective was t o  obtain onboard measurements t ha t  would define the  
hot-gas radiance and the  t o t a l  heating on a blunt-nosed body of f a i r l y  large 
scale. 
various theoret ical  and empirical heat-transfer prediction techniques tha t  
had been proposed by individual research sc ien t i s t s ,  as w e l l  as others t ha t  
would be proposed i n  the  future. 

These resu l t s ,  on a firmly established basis,  were needed t o  tes t  

BACKGROUND 

The objective was  m e t  by l i f t i n g  a powered spacecraft above the  atmosphere 

Figure 1 
with an A t l a s  launch vehicle and then propelling a reentry package i n  the 
spacecraft back into the  atmosphere at a velocity of about 13 km/sec. 
i l l u s t r a t e s  the sequence of events by which the  reentry package was placed i n  
i t s  high velocity return t ra jectory.  
period a re  not shown; they w i l l  be discussed later. 

The events of t h e  experimental data 

Figure 2 is  a sectional view of t he  instrumented reentry package, t he  
spacecraft adapter, and the  separation system. The reentry package, at the  
l e f t ,  had a blunt, spherical segment forebody and a conical afterbody, with 
a diameter of about 67 cm and a weight of 86 kg. 
t he  ac t  of separating from the powered spacecraft, under the  action of' a 
spring. 
each of which was heavily instrumented with thermocouples and designed t o  
provide t o t a l  heating data u n t i l  t he  surface melted. 
was a phenolic asbestos shield t o  provide heat protection fo r  t he  next 
calorimeter. 
was ejected on command, exposing the  second calorimeter which then began t o  
measure the  t o t a l  heating rate. 
after the  second calorimeter melted. 

The package is  depicted i n  

As  i l l u s t r a t ed  i n  t h e  figure, there  were three beryllium calorimeters, 

Under each calorimeter 

After the  first calorimeter melted, the  underlying heat shield 

This sequence of events was then repeated 
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This complex calorimeter and heat-shield design was necessary because 
a single calorimeter could not survive the 13 km/sec reentry. 
not only provided heat protection f o r  the underlying calorimeters, but a l so  
insured tha t  the heating measurements would not be affected by ablation 
products. 
t h a t  d o w e d  a def ini t ion a f  t h e  reentry-heating envelope. 
provided sol id ,  uncontaminated windows f o r  the radiometers viewing the gas 
cap during the same data periods. 

The design 

With the  three calorimeters, there  w e r e  three data periods a t  times 
The sequence also 

DESIGN PROBLEM 

V i t a l  t o  the practica.1 real izat ion of t h i s  experiment concept w a s  the 
design of a sui table  system t o  release and e j ec t  the heat shields promptly 
on command. 

The following requirements ( f ig .  3 )  applied t o  the design of t h i s  system: 

a. The system had t o  be compact enough t o  f i t  within the heat shield 
and calorimeter layers  while leaving the  center of the  layers f r e e  t o  permit 
i n s t a l l a t ion  of a window f o r  the  stagnation-point radiometer. 

b. The system had t o  attach and support the heat-shield system w i t h  
suf f ic ien t  strength and r i g i d i t y  t o  withstand the force, vibration, and thermal 
environments produced by the launch vehicle and by reentry without damage o r  
misalinement o f  the s t ructure ,  windows, or sensors. 

c. The system had t o  be sui table  f o r  programed release in i t i a t ed  
by an onboard programer. 

d. The system had t o  function i n  such a way as not t o  produce 
shocks which might damage the spacecraft instrumentation nor t o  produce 
unbalanced impulses which might perturb the a t t i t u d e  of the sgdcecraft. 

e. The system had t o  function posi t ively and w i t h  high r e l i a b i l i t y  
t o  insure t h a t  the required sequence of  events would be performed i n  
accordance w i t h  tLe necessary precise timing. 

f .  The system had t o  be compatible w i t h  i n s t a l l a t ion  during ear ly  
stages of spacecraft assembly and not hazardous through the remaining stages 
of assembly, test, shipping, and f i e l d  operations. Most conventional pyro- 
technic re lease systems would fa i l  t o  meet the  requirements f o r  low shock, 
low unbalanced impulse, and handling safety a f t e r  ins ta l la t ion .  
hand, most purely mechanical. systems would not be sui table  f o r  programed 
in i t i a t ion .  

On the other 
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EXOTHEBMIC FUSE WIRE 

The solution of th i s  problem made use o f  a special  fuse wire, which is  
available commercially. 
a l loy jacket. 
alloying reaction occurs which is suf f ic ien t ly  exothermic as t o  be se l f -  
propagating, w i t h  the resu l t  that the w i r e  m e l t s  and the melting propagates 
along the  wire. There is  no explosion, flane, o r  f i re .  Thus, t h i s  material 
inside a spacecraft would present no inherent hazard t o  handling personnel, 
and when in i t i a t ed  it would not produce objectionable shock loads. A heat- 
shield ejection system was designed which took advantage of these features and 
m e t  the  design requirements of Project Fire .  

This w i r e  i s  m a d e  of aluminum a l loy  with a palladium 
When the  wire is  loca l ly  heated t o  a c r i t i c a l  temperature, an 

HEAT-SHIELD EJECTION SYSTEM 

The heat shield was designed as four par ts ,  held together by a m u l t i -  
pa r t  l i n k  which, i n  turn, w a s  held together by a wrapping of w i r e .  
l i n k  was released on command by the melting of the  w i r e .  

The 

H e a t  Shields 

The heat shields were molded of a high-density phenolic asbestos, a 
material selection based on mechanical strength as well as heat-protection 
considerations. 
t he  ejectable shields i n  an assembly t e s t  f ix ture .  Each shield was molded i n  
four quadrants. 
quadrants A and C together and a "jigsaw" configuration retained quadrants B 
and D. The mating edges of the  quadrants were machined fo r  an overlapping 
sea l  jo in t ;  the rim of the  assembly w a s  arranged t o  hook over the rim of  the 
succeeding beryllium calorimeter dish. The numerous pads that can be seen 
were bearing points; each was  covered w i t h  t e f lon  t o  reduce the  s l iding f r i c -  
t i o n  on the beryllium during ejection. Two semiel l ipt ical  springs w e r e  
mounted i n  the rim of each quadrant; at assembly, they were compressed t o  a 
preload of about 1000 N each t o  provide the ejection force. 
quadrant A extended across the center l i n e  t o  provide material f o r  mounting 
the stagna.tion radiometer window; the  hole f o r  the window had not been 
d r i l l ed  when the photograph w a s  m a d e .  

Figure 4 i s  a photograph, from the back side, of one set of 

A tension l i n k ,  which was called the  ejection l i n k ,  t ied 

The tongue on 

Ejection Link  

The ejection l i n k  can be seen bolted t o  quadrant C i n  figure 4. 
Figure 5 shows how the l i n k  was bu i l t .  
the lower photograph. 
l e f t  end had a mating tongue. 
by the  two wedge-shaped detents which were positioned by the keepers. 
the  keepers w e r e  installed,  th i s  assembly was tension wrapped w i t h  the  

The parts  of the l i n k  are shown i n  

When these par ts  were mated, they were locked 
After 

The r ight  end of the l i n k  was made w i t h  a slot and the 
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previously described stranded exothermic fuse w i r e .  
loca l ly  heated t o  the melting point by an electrical. current, an exothermic 
alloying reaction took place and the remaining w i r e  rapidly disintegrated. 
This action freed the  detents and allowed the links t o  separate under the  
action of the springs i n  quadrants A and C! ( f ig .  4). The impulse from these 
springs was suff ic ient  t o  rapidly eject  quadrants A and C from the  reentry 
package. Meanwhile, as soon as the  l i nk  ends had separated, quadrants 38 and 
D were f r e e  t o  move and they were rapidly ejected under the  action of 
their  springs. 

When this  w i r e  was 

Ignition Circuit  

In i t i a t ion  of the fuse-wire action was accomplished e l ec t r i ca l ly  with a 
dual-igniter system fo r  redundancy. Two short loops of fuse  w i r e  were inserted 
under the load-bearing wrap of w i r e  which held the keepers i n  place. 
loops were brought out as lead wires. One end of each lead w a s  reduced t o  a 
single strand t o  provide an electrica.1 "hot spot" as an ign i te r  when current 
was passed through the loop. The exothermic action started a t  the  igni ter ,  
propagated d o n g  t h e  fuse w i r e ,  and was  thermally transferred t o  the  load- 
bearing-wrap. 
meet range safe ty  requirements; the "sure fire" current was about 3 .O amperes. 
A dual silver-zinc bat tery was used f o r  redundant f i r i n g  of the igni ters  
through silicon-controlled r e c t i f i e r  switches which were in i t i a t ed  by the 
reentry event timer i n  the reentry package. Magnetic latching relays were 
used t o  provide protective shorting of the  pyrofuse c i rcu i t s ;  these relays 
were placed i n  the  "ready" condition ju s t  p r ior  t o  launch. The deceleration- 
started reentry event timer was held i n  a disabled condition u n t i l  j u s t  before 
reentry began 

These 

The ign i t e r  was designed f o r  a 1.0-ampere "no fire" current t o  

QUALIFICATION 

Both qualification t e s t ing  and development tes t ing  were conducted on 
the  eject ion link. 
s t ruc tura l  adequacy. 
Qualification tescing w a s  conducted t o  demonstrate the  adequacy of t he  design 
f o r  conditions and environments more severe than those e q e c t e d  i n  f l i gh t .  

The development tests ver i f ied design capabi l i t ies  and 
They a l so  uncovered one severe igni t ion problem. 

Eight ejection l inks were subjected t o  development t e s t s .  These tests 
are l i s ted  i n  figure 6. Two l inks  were tested t o  ultimate load, and they 
broke at about 18,000 newtons, which is  well oyer the flight load of 
6000 nehons.  Two other l inks were subjected t o  a separation force test .  
A t  t h e  i n i t i a l  t e s t  force of 44.5 newtons, these links fa i led  t o  separate 
after ignition; however, both did separate by the time the force had been 
increased t o  130 nartons, which i s  s t i l l  only a small f rac t ion  of the force 
provided by the ejection springs in  f l i gh t .  
sustained load of 6000 newtons f o r  more than 800 hours with no significant 

One l i n k  was  subjected t o  a 
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creep. 
test. One was accidentally fired by a t e s t  setup short  c i rcu i t .  
successfully on one ign i t e r  and one f a i l ed  t o  f i re  at -18' C and 
1.3 x .lom2 N/m* vacuum on e i the r  igni ter .  

This l i n k  was ultimately f i r e d  i n  the  qual i f icat ion vacuum separation 
One f i r e d  

Qualification tes t ing  was performed on 42 ign i te rs  and on 15 eject ion 
l i nk  assemblies containing dual igni ters .  
sequence are shown i n  figure 7. 

The environmental. tests and t h e i r  

All igni ters  were subjected t o  a 1-ampere "no fire" current. Eighteen 
were then f i r e d  at  10' C i n  air. 
vacuum of 1.3 x low2 N/m2. 
links, each was preloaded t o  6000 newtons during exposure t o  the test 
environments. 
one igni ter .  
and f igure 9 shows the l i n k  coming apart. 
has melted, the keepers and detents have flown out, and the two halves of the 
link are pulling apart .  
motion had resulted under the  6000-newton load. Three f i r i ngs  were made w i t h  
the l inks at 150' C i n  t h e  vacuum; 12 f i r ings  were made with the  links a t  
loo C i n  the  vacuum. 
fired on t h e  second igni ter .  

The remaiader w e r e  f i r ed  at loo C i n  a 
In qualification tes t ing  of the complete ejection 

All f i r i n g  tests were conducted by applying f i r i n g  current t o  
Figure 8 shows a l ink  inside the  vacuum chamber ready f o r  test 

In this photograph the fuse wire 

Separation was considered t o  be complete when 3 mm of 

One link f a i l ed  t o  f i r e  on one ign i t e r  and had t o  be 

The development and qual i f icat ion t e s t s  t ha t  have j u s t  been described 
resulted i n  the  discovery of the  following problems: 

a. One development fuse link failed t o  f i r e  on e i ther  ign i te r  
at  -18' C and 1.3 x lom2 ,N/m2. The ign i te r  strand melted open but ignit ion 
did not continue t o  the  fU3.l wire. 
wires revealed small. nicks caused by tools during assembly. These 
constituted high resistance areas that caused premature igni t ion w i t h  too 
l i t t l e  energy f o r  propagation when the w i r e  was cold. 
f l i g h t  temperature showed tha t  the qualification temperature of -18' C w a s  
unnecessarily low.  

Subsequent inspection of other ign i te r  

A review of the expected 

It was, therefore, raised t o  +loo C. 

b. After rais ing the  qualification temperature, one pyrofuse l i n k  
fa i led  t o  ign i te  at loo C on one ign i te r  and had t o  be f i r e d  on the  
second igni ter .  

c. The time f r o m  e l ec t r i ca l  i n i t i a t ion  t o  fuse l i nk  separation 
ranged f r o m  322 milliseconds t o  567 milliseconds. This time l ag  w a s  acceptable 
f o r  the  application under discussion, but it does represent a l imitat ion t o  the 
application of th i s  exothermic fuse w i r e .  

Qualification of the ejection links ins ta l led  i n  the  spacecraft w a s  
accepted since the  one complete igni t ion f a i lu re  encountered i n  the  tests 
had occurred at an unrea l i s t ica l ly  low temperature. 
desirable t o  at  least reinspect the  instal led links for i gn i t e r  w i r e  nicks 
but th i s  was not possible without extensive disassembly which would have 
caused irreparable damage t o  the spacecraft. 
f l i gh t  was therefore made. 

It would have been 

A decision t o  proceed with the  



For the  second flight spacecraft a modified eject ion l i n k  was fabricated, 
qual i f icat ion tested, and instal led.  I n  the  modified l ink,  the  Fuse wire 
was re-routed so  that fuse w i r e  from both ends of t he  ign i t e r  passed under the 
wrap on the l i n k .  Thus, if the  fuse action propagated i n  e i ther  direct ion 
from the igni te r ,  it would reach and ign i te  the main map. 
were encountered w i t h  t h e  redesigned l ink.  

No test failures 

OPEEXTIOIWL EXPEWXHCE 

Wind-tunnel tests, under simulated dynaaic-pressure conditions, indicated 
a time from first motion t o  fuJ_ l  clearance of the package of about 20 msec. 
The f l i g h t  performance of the system w a s  excellent for both f l i g h t s  w i t h  rapid 
ejections and no s ignif icant  disturbance i n  e i the r  case. Telemetry data from 
the  radiometers and calorimeters indicated that each eject ion occurred within 
the expected time after the command was made. 

CONCLUDING RESIPSIKS 

A special. fuse w i r e  which functions by an alloying reaction w i t h  no 
flame and gives off no smoke or gaseous products was a key element i n  the  
design of a heat-shield eject ion system f o r  an important f l i g h t  experiment. 
Two such systems were commanded t o  function on each of two f l i g h t s  i n  
Project Fire,  and i n  aU four cases they functioned properly. 
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COMPACTNESS 

STRENGTH AND RIGIDITY 

PROGRAMMED RELEASE 

MINIMUM SHOCK AND NO UNBALANCED IMPULSE 

REL 1 A B 1 L 1 TY 

ASSEMBLY MONTHS BEFORE LAUNCH 

NO HAZARD IN HANDLING 

Figure 3 . -  Release and ejection system requirements. 



Figure 4. Phenolic-asbestos heat-shield quardrants in assembly test fixture. 



Figure 5.- Photographs of assembled heat-shield ejection link and parts. 
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Figure 8.- Ejection link in vacuum chamber. 



Figure 9.- Ejection link separating. 
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